Introduction
The use of a tibiopedal access to cross infrainguinal occlusions from a retrograde approach has become a critical interventional strategy to address the growing public health threat of peripheral artery disease (PAD) and critical limb ischemia (CLI). Retrograde crossing of infrainguinal chronic total occlusions (CTOs) to facilitate recanalization was first described via cutdown by Iyer et al 1 in 1990 to help avoid the morbidity, cost, and mortality associated with major limb amputation. Recently, more widespread adoption of the evolved percutaneous technique has been driven by the increased number of interventionists treating advanced PAD and the rising prevalence of CLI stemming from increased life expectancy and the global diabetes epidemic. 2 These trends have fostered a growing recognition of the need to promote limb salvage in a patient population characterized by multilevel PAD and significant comorbidities. endovascular-first approach is being utilized more frequently in treating CLI. Endovascular treatment requires navigating obstructive lesions that are commonly CTOs, but the traditional antegrade ipsilateral and contralateral femoral approaches fail to cross the lesion in roughly 20% of cases. 4, 5 The tibiopedal retrograde approach was developed to provide another endovascular option to cross infrainguinal lesions and allow successful interventional therapy following a failed antegrade crossing attempt, particularly in patients with poor surgical options.
Although the use of the tibiopedal approach has conventionally followed a failed antegrade attempt to promote limb salvage in CLI patients, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] increasing recognition of the advantages of the tibiopedal approach relative to antegrade access and crossing, [15] [16] [17] combined with increasing expertise, improved tools, and the low reported risk of complications, 18, 19 have led some institutions to permit a more liberal use of the tibiopedal approach. This trend includes the use of a retrograde approach as a primary treatment for patients who are poor candidates for an antegrade access 19 and for the treatment of PAD patients suffering from claudication (Rutherford categories 2-3) that has not yet progressed to CLI (Rutherford categories [4] [5] [6] .
Despite these trends, there remains some debate 7,17 over the role of tibiopedal access in the treatment of PAD, which is centered on the concern over the risk of injury or thrombotic occlusion of a pedal vessel, especially in patients with a single runoff artery to the foot. Though thrombotic occlusion from a tibiopedal approach has been reported only rarely and limb salvage has been achieved in all reported instances, 4, 13, 14 in theory this could lead to sacrifice of a distal bypass target or loss of limb in a patient not previously at risk for amputation.
Despite these limitations, the high technical success and low complication rates documented by these reports have clearly demonstrated the vital importance of the tibiopedal access approach for limb salvage. Further adoption of the tibiopedal approach and a deeper understanding of the appropriate patient population for treatment via a tibiopedal access are currently hampered by a lack of published multicenter data. This report describes an investigation of the use of the tibiopedal approach for retrograde crossing of infrainguinal CTOs with the goal of evaluating acute access safety and the success of tibiopedal access and retrograde crossing.
Methods

Study Design
A prospective, nonrandomized, multicenter, observational study was designed to compile clinical data from a target population of 200 patients undergoing percutaneous tibiopedal access to retrogradely cross infrainguinal CTOs at 8 US and 3 European sites. The trial was registered on the National Institutes of Health website (ClinicalTrials.gov; identifier NCT01609621).
Patients were eligible for enrollment if they had an infrainguinal CTO for which a percutaneous tibiopedal access was used after a failed antegrade approach or as a primary access at institutions where tibiopedal access is a standard of care procedure. There were no specific exclusion criteria. The study was performed in accordance with the ethical principles that have their origin in the Declaration of Helsinki. Approval was obtained from each site's institutional review board or ethics committee. All patients provided written informed consent.
Study Procedure
Devices and techniques used to gain tibiopedal access and cross the occluding lesion have been described in detail in the literature. 15, 17 Patients were treated according to the standard of care at each participating site by physicians possessing a range of expertise with tibiopedal access procedures. In this study, all devices and techniques were used at the investigator's discretion, so only a general description of conventional technique is appropriate. Following preparation of the access site, light sedation, and local anesthesia, access was achieved under ultrasound or angiographic guidance. Typically, a micropuncture needle was used in conjunction with a 0.018-inch wire followed by a 2.9-F microcatheter once access had been achieved. Lesion crossing involved advancing the wire or the use of other crossing devices. Following successful crossing via the tibiopedal access, delivery of the final therapy proceeded via either the tibiopedal access or a femoral access. Throughout the procedure vasodilators and anticoagulants were delivered intra-arterially. Manual pressure was typically sufficient to achieve closure of the tibiopedal access following treatment and device removal.
Outcome Measures
Technical access success was defined as the ability to gain percutaneous entry into a tibiopedal artery in the desired location and to deliver a wire guide to facilitate introduction of a catheter. Technical crossing success referred to the ability to reach an infrainguinal CTO via a tibiopedal approach and to pass a wire through the proximal boundary of the occlusion. No limitations were placed on size of the distal vessels to be accessed, degree of calcification, length of the occluded target segment, or sheath size utilized in the procedure. Treatment success following crossing was measured, but treatment methods, treatment success, runoff status, and long-term clinical outcomes, such as limb salvage, were not specific outcomes of the study.
Data Collection and Definitions
Data collected included patient demographics and medical history, Rutherford classification, access vessel location, lesion characteristics, treatments used, and all procedurerelated complications. If multilevel lesions were targeted for revascularization, the cumulative total lesion length was recorded. A 30-day telephone follow-up was conducted to record any complications and to assess the postoperative Rutherford category, which was treated as a continuous variable for comparison with the preoperative values for the population. All complications related to the access site were noted postoperatively and at follow-up, including minor events (ecchymosis, pain, non-life-threatening bleeding, and hematoma) and major events (access vessel thrombosis, compartment syndrome, or surgical revascularization). Amputations were documented (major amputations were defined as above the ankle). Adverse events related to the new onset of wounds in the study leg were recorded even though they represented CLI progression in cases of failed or insufficient revascularization.
Patient Enrollment
From May 2012 through July 2013, 197 patients (mean age 71±11 years, range 41-93; 129 men) were enrolled. Three patients were excluded: one patient was initially enrolled twice and 2 had the retrograde access site in the popliteal artery rather than a tibiopedal vessel. Baseline characteristics of the study population and the treated limb are presented in Table 1 . Two-thirds of the population presented with CLI (133, 67.5%). Roughly half (101, 51.3%) of the patients had preexisting tissue loss in the study leg, the majority of which presented as ischemic ulcers. A prior minor amputation to the study leg had been performed in 21 (10.7%) patients. The mean lesion length was 17±13 cm (median 15); the majority (116, 58.9%) had lesions >10 cm long. Occlusive lesions in multiple vessels were targeted for therapy in 79 (40.1%) patients. In two-thirds (132, 67.0%) of the cases, a previous antegrade approach to cross the occlusion had failed prior to the tibiopedal attempt.
Statistical Analysis
Data were analyzed on an intention-to-treat basis with the exception of outcomes dependent on successful access (eg, crossing success). Continuous variables are reported as means ± standard deviations, medians, and ranges. Categorical variables are reported as frequencies and percentages. Variables were compared using the Fisher exact test, with p<0.05 as the threshold of significance. Statistical analyses were performed using SAS software (version 9.3 for Windows; SAS Inc., Cary, NC, USA).
Results
Technical access success was recorded in 184 (93.4%) patients (Table 2) : 62 (96.9%) of 64 claudicants and 122 (91.7%) of the 133 CLI patients. The anterior and posterior tibial vessels followed by the dorsalis pedis were the most common access vessels ( Table 2 ). The imaging method used to assist was angiography (66, 33.5%), ultrasound (71, 36.0%), or both (58, 29.4%). Of the 13 (6.6%) failed cases, calcification at the access site was reported as severe in 10 and moderate in 1 (2 cases unreported). The imaging mode used in the failed access cases was ultrasound in 4 or both modes in 7 (unreported in 3 cases). Failed access attempts were more common in female patients (9/13), although women represented only a third of the patient cohort; they also tended to have more severe calcification at the access site relative to the male patients.
Technical retrograde crossing success ( A third of the study population (65, 33.0%) had the retrograde procedure without a prior antegrade attempt. Of that group, the majority were CLI patients (43/65, 66.2%), which closely matches the incidence of CLI in the study population (67.5%, 133/197), demonstrating that primary usage of the approach was independent of the ischemia grade. Technical success did not differ significantly based on a prior failed antegrade attempt: the access success rate was 92.4% (122/132) after a failed antegrade access vs 95.4% (62/65) in those with a primary tibiopedal attempt (p=0.55). Similarly, crossing success was achieved in 82.8% (101/122) after a failed antegrade access vs 90.3% (56/62) for patients with no prior antegrade attempt (p=0.19).
Telephone follow-up was performed 30 days after the revascularization procedure in 190 patients (2 patients were lost to follow-up and 5 died of procedurally-unrelated advanced heart disease or renal failure). Mean Rutherford scores (Figure 1 ) improved in 130 (68.4%) of the 190 patients contacted, while only 12 (6.3%) patients worsened. There was 1 access failure and 1 crossing failure in the latter 12 patients, while the other 10 patients had a worse score All major and minor complications were recorded postoperatively and at the 30-day follow-up. Minor access siterelated complications were local pain (4/197, 2.0%), infection (2/197, 1.0%), ecchymosis (2/197, 1.0%), bleeding (2/197, 1.0%), and acute vessel dissection (1/197, 0.5%). There were no major complications related to access. Nonaccess-related adverse events in the study leg included gangrene (6/197, 3.0%), ischemia (8/197, 4.1%), and ischemic ulcer (5/197, 2.5%). Six major and 6 minor amputations were required in 12 (6.1%) patients.
Discussion
The global epidemic of CLI combined with improved endovascular tools and increasing experience of interventionists continues to drive improvements in the current PAD treatment paradigm. Tibiopedal retrograde revascularization has become another critical tool for crossing lesions and promoting limb salvage, offering a number of advantages over surgical and traditional antegrade endovascular approaches. From a hypothetical standpoint, the value of the tibiopedal approach stems from the fact that the distal cap of peripheral lesions is often softer than the proximal cap, allowing engagement of "hibernating distal vessels" that can be more easily traversed. 15, 16 This may increase the likelihood of successful crossing following a failed antegrade attempt and may also improve the chance of remaining within the true vessel lumen, which could reduce routine use of costly CTO crossing and reentry tools. 7 Other potential advantages include reduced bleeding risk, good control and pushability due to proximity of the target lesion to the access, and reductions in procedure time and time to discharge.
The single-center literature has documented these advantages as well as high success and low complication rates. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 18, 19 However, some debate persists, primarily centering on the proper role of tibiopedal revascularization as a treatment for severe claudication. 7, 17 Although rare and not recorded in this clinical experience, acute and subacute thrombotic occlusion of the access vessel has been reported. 4, 13, 14 For claudicant patients, especially those with a single runoff vessel to the foot, such a major access site complication could potentially lead to deterioration in the health of the limb and progression to CLI.
The primary objective of this study was to evaluate the safety of the tibiopedal approach and the success rates of pedal access and retrograde crossing in a multicenter, international setting with a population indicative of real-world patients and lesions. For this reason, there were no specific exclusion criteria, and the study population included patients with significant comorbidities, preexisting tissue loss, multilevel disease, and diffuse and long CTOs. Procedures were performed at 11 global sites by operators with a range of procedural experience.
The multicenter design of the study contrasts with the current literature, which consists of a limited number of case reports and retrospective series from single institutions. Among the larger studies, Montero-Baker et al 4 reported 86.3% success in treating 51 patients (45 with CLI), with 1 access site-related thrombosis that required urgent surgical repair. Walker 14 recently reported the results of 228 CLI patients in whom a tibiopedal approach was utilized, documenting successful access in 95% (217/228), successful crossing in 93% (199/217) of those successfully accessed, and overall treatment success in 99% (196/197) of these cases. There were no observed bleeding complications. A single pedal occlusion was encountered in a patient in whom the pedal access was deemed the only viable route for superficial femoral artery stenting via a 6-F sheath; ultimately, limb salvage was achieved.
With 2 exceptions, 18,19 the previously published series [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] used a tibiopedal approach following a failed antegrade attempt to cross, demonstrating that typical usage of the retrograde approach has been as a bailout option to avoid limb amputation. Both Mustapha et al 18 and Hanna and Prout 19 used a primary tibiopedal approach in cases in which body habitus, comorbidities, or complex angiographic characteristics precluded an initial antegrade attempt to cross. Both investigators reported successful arterial access and crossing in all patients, with no major complications. The number of claudicant patients enrolled in the study and the significant use of the retrograde approach as a primary procedure with no prior antegrade attempt could indicate a trend toward more liberal use of retrograde revascularization in some institutions. Although this observational study recorded good acute safety of the retrograde approach, the published data remain insufficient to recommend such use. However, the study investigators recognize that this trend likely stems from more widespread adoption, increasing expertise with the approach, improved tools, increased incidence of CLI interventions, and growing recognition of the crossing advantages and overall safety of the tibiopedal approach. A retrograde approach also may be the only endovascular option in patients who cannot lie flat or whose body habitus or comorbidities preclude femoral access.
The most frequently accessed vessels in the study were the posterior and anterior tibial and the pedal arteries; the peroneal artery was attempted in <10% of the cases. Understandably, operators may be hesitant to access a vessel that may be more technically challenging due to its position behind the interosseus membrane. In our study, disease distribution (see Table 1 ) may have played a large role.
Interestingly, there does not seem to be consensus regarding the imaging method used to gain access. Approximately a third of the cases were done solely under fluoroscopy, a third under ultrasound, and a third using both. The study investigators recognize the value of angiography in securing access in complex scenarios, but ultrasound guidance can be highly effective, lowering the access-related complication rate [20] [21] [22] and reducing the radiation exposure to both the patient and operator. However, effective use of ultrasound requires extensive training, and the experience may not yet be available in many institutions.
The 20% access/crossing failure rate in this study should not be viewed negatively, as it is similar to reported failure rates of traditional antegrade approaches. 4, 5 More important, it is critical to remember that two thirds of the population had already experienced a failed antegrade crossing attempt and had no further endovascular option to avoid amputation. Three quarters of the patients with a prior failed antegrade attempt were successfully approached from a retrograde access. Importantly, this implies that in patients amenable to both approaches, the ability to employ a retrograde approach following a failed antegrade attempt should leave only ~5% of patients with lesions that cannot be crossed.
Overall, the cohort demonstrated a low rate of accessrelated complications without a major event, including access-site thrombosis. Most operators will recognize that the risk of thrombotic occlusion is higher when devices that may be potentially occlusive are utilized to secure access. 15, 16 The study investigators support use of the smallest possible microcatheters, vasodilators, and aggressive anticoagulation as means to minimize the risk of thrombosis.
The majority of the population experienced an improvement in Rutherford score at the 30-day follow-up, and a worsened score was not indicative of procedure failure. Although half the patients had extensive preexisting tissue loss and 20% of all patients experienced access or crossing failure, only 6 major and 6 minor amputations were observed in the study. Additionally, it is important to note that a primary goal of an intervention in some patients with extensive tissue loss may be to reduce the amputation level and facilitate healing rather than avoid amputation altogether. Achieving such reductions in the level of amputation may be considered a success in some patients based on significant differences in patient mortality and quality of life between major and minor amputations. 2 An important avenue of future research is further elucidation of factors that contribute to access or crossing failure. The population size and low failure rates (13 access and 27 crossing failures) in this study precluded statistical analysis of such characteristics, but by way of observation there was a moderate to high degree of calcification in the failed cases. Moreover, failures occurred predominately in female patients, who may be likely to have smaller access vessels and more diffuse disease. Neither access nor crossing failure showed any strong correlation with mean Rutherford score, and operators using both ultrasound and a combination of ultrasound and angiography experienced access failures.
Limitations
The limitations of this study are primarily those inherent in its observational design, the relatively short 30-day telephone follow-up, and the moderate size of the patient population. Future studies with a longer follow-up could compare amputation-free survival to prior studies of surgical or antegrade endovascular techniques, as well as provide additional insight into the risk of thrombotic occlusion or access site injury. In addition, as improvement in Rutherford category for a CLI patient is predicated on wound healing rates, which can vary widely, 23 a follow-up period >30 days may be necessary to accurately evaluate changes in Rutherford category for patients with extensive preexisting tissue loss. Finally, future studies with larger patient populations may allow statistical analysis of factors that reduce the likelihood of tibiopedal access and crossing success and could continue to improve our understanding of the patient population most amenable to this approach.
Conclusion
This prospective, multicenter, observational study on the use of a tibiopedal access for retrograde crossing of occlusions recorded high access and lesion-crossing rates with relatively few and minor access-related complications. The study suggests increasing utilization of this approach as a primary treatment for CLI and as a treatment option for severe claudication. The rapid growth of the CLI population, combined with the morbidity and mortality associated with major limb amputation, emphasizes the critical need for additional research on the effectiveness of tibiopedal access and revascularization from a retrograde access site.
